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1
LIQUID CRYSTAL DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation Application of PCT
Application No. PCT/JP2022/008213, filed Feb. 28, 2022
and based upon and claiming the benefit of priority from
Japanese Patent Application No. 2021-040608 filed Mar. 12,
2021, the entire contents of all of which are incorporated
herein by reference.

FIELD

Embodiments described herein relate generally to a liquid
crystal device.

BACKGROUND

In recent years, light control devices that use liquid crystal
cells have been proposed. Such light control devices refract
light (p-polarized or s-polarized light) transmitted through
the liquid crystal layer by controlling the alignment state of
liquid crystal molecules or the refractive index distribution
of the liquid crystal layer. For example, in a illumination
device comprising a plurality of liquid crystal lenses, such a
technology has been proposed to suppress non-uniformity
by forming strip electrodes for forming respective liquid
crystal lenses at positions that are displaced from each other.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing a liquid crystal
device according to an embodiment.

FIG. 2 is an exploded perspective view of the liquid
crystal device shown in FIG. 1.

FIG. 3 is a view schematically showing a first liquid
crystal cell shown in FIG. 2.

FIG. 4 is a diagram showing an example of an extending
direction of each strip electrode which constitutes the liquid
crystal device.

FIG. 5A is a plan view of a second liquid crystal cell.

FIG. 5B is a plan view of the second liquid crystal cell.

FIG. 6 is a diagram schematically showing the first liquid
crystal cell in an off state in which no electric field is formed
in a liquid crystal layer.

FIG. 7 is a diagram schematically showing the first liquid
crystal cell in an on state in which an electric field is formed
in the liquid crystal layer.

FIG. 8 is a plan view showing another example of each
strip electrode which constitutes the liquid crystal device.

FIG. 9A is a plan view of a second liquid crystal cell.

FIG. 9B is a plan view of the second liquid crystal cell.

FIG. 10 is a plan view showing still another example of
each strip electrode which constitutes the liquid crystal
device of this example.

FIG. 11 is a plan view of still another example of each
strip electrode which constitutes the liquid crystal device in
this example.

FIG. 12 is a plan view of still another example of each
strip electrode which constitutes the liquid crystal device in
this example.

FIG. 13 is a plan view of still another example of each
strip electrode which constitutes the liquid crystal device in
this example.
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FIG. 14 is a plan view of still another example of each
strip electrode which constitutes the liquid crystal device of
this example.

FIG. 15 is a plan view of still another example of each
strip electrode which constitutes the liquid crystal device in
this example.

FIG. 16 is a plan view of still another example of each
strip electrode which constitutes the liquid crystal device in
this example.

FIG. 17 is a plan view of still another example of each
strip electrode which constitutes the liquid crystal device of
this example.

DETAILED DESCRIPTION

In general, according to one embodiment, a liquid crystal

device comprises

a first liquid crystal cell;

a second liquid crystal cell which overlaps the first liquid
crystal cell;

a third liquid crystal cell which overlaps the second liquid
crystal cell; and

a fourth liquid crystal cell which overlaps the third liquid
crystal cell,

each of the first liquid crystal cell to the fourth liquid
crystal cell, comprises

a first transparent substrate;

a first alignment film;

a first strip electrode and a second strip electrode, located
between the first transparent substrate and the first
alignment film and arranged to be spaced apart from
each other, to which different voltages are applied,
respectively;

a second transparent substrate;

a second alignment film;

a third strip electrode and a fourth strip electrode, located
between the second transparent substrate and the sec-
ond alignment film and arranged to be spaced apart
from each other, to which different voltages are applied,
respectively; and

a liquid crystal layer located between the first alignment
film and the second alignment film;

the first strip electrode, the second strip electrode, the
third strip electrode and the fourth strip electrode of the
first liquid crystal cell, and the first strip electrode, the
second strip electrode, the third strip electrode and the
fourth strip electrode of the third liquid crystal cell have
a first shape, and

the first strip electrode, the second strip electrode, the
third strip electrode and the fourth strip electrode of the
second liquid crystal cell, and the first strip electrode,
the second strip electrode, the third strip electrode and
the fourth strip electrode of the fourth liquid crystal cell
have a second shape different from the first shape.

According to another embodiment, a liquid crystal device

comprises

a first liquid crystal cell;

a second liquid crystal cell which overlaps the first liquid
crystal cell;

a third liquid crystal cell which overlaps the second liquid
crystal cell; and

a fourth liquid crystal cell which overlaps the third liquid
crystal cell,

each of the first liquid crystal cell to the fourth liquid
crystal cell, comprises

a first transparent substrate;

a first alignment film;
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a first strip electrode and a second strip electrode, located
between the first transparent substrate and the first
alignment film and arranged to be spaced apart from
each other, to which different voltages are applied,
respectively;

a second transparent substrate;

a second alignment film;

a third strip electrode and a fourth strip electrode, located
between the second transparent substrate and the sec-
ond alignment film and arranged to be spaced apart
from each other, to which different voltages are applied,
respectively; and

a liquid crystal layer located between the first alignment
film and the second alignment film, and

the first liquid crystal cell to the fourth liquid crystal cell
includes the first strip electrode, the second strip elec-
trode, the third strip electrode and the fourth strip
electrode, which have a zigzag shape.

According to still another embodiment, a liquid crystal

device comprises

a first liquid crystal cell;

a second liquid crystal cell which overlaps the first liquid
crystal cell;

a third liquid crystal cell which overlaps the second liquid
crystal cell; and

a fourth liquid crystal cell which overlaps the third liquid
crystal cell,

each of the first liquid crystal cell to the fourth liquid
crystal cell, comprises

a first transparent substrate;

a first alignment film;

a first strip electrode and a second strip electrode, located
between the first transparent substrate and the first
alignment film and arranged to be spaced apart from
each other, to which different voltages are applied,
respectively;

a second transparent substrate;

a second alignment film;

a third strip electrode and a fourth strip electrode, located
between the second transparent substrate and the sec-
ond alignment film and arranged to be spaced apart
from each other, to which different voltages are applied,
respectively; and

a liquid crystal layer located between the first alignment
film and the second alignment film, and

the first strip electrode of the first liquid crystal cell, the
second strip electrode of the second liquid crystal cell,
the first strip electrode of the third liquid crystal cell
and the second strip electrode of the fourth liquid
crystal cell have a first shape, and

the second strip electrode of the first liquid crystal cell, the
first strip electrode of the second liquid crystal cell, the
second strip electrode of the third liquid crystal cell and
the first strip electrode of the fourth liquid crystal cell
have a second shape different from the first shape.

An object to be solved by the embodiments is to provide

a liquid crystal device which can suppress moire.
Embodiments will be described hereinafter with reference
to the accompanying drawings. Note that the disclosure is
merely an example, and proper changes within the spirit of
the invention, which are easily conceivable by a skilled
person, are included in the scope of the invention as a matter
of course. In addition, in some cases, in order to make the
description clearer, the widths, thicknesses, shapes, etc., of
the respective parts are schematically illustrated in the
drawings, compared to the actual modes. However, the
schematic illustration is merely an example, and adds no
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restrictions to the interpretation of the invention. Besides, in
the specification and drawings, the same or similar elements
as or to those described in connection with preceding
drawings or those exhibiting similar functions are denoted
by like reference numerals, and a detailed description
thereof is omitted unless otherwise necessary.

The embodiments described herein are not general ones,
but rather embodiments that illustrate the same or corre-
sponding special technical features of the invention. A liquid
crystal device according to one embodiment will be
described in detail with reference to the drawings as follows.

In this embodiment, a first direction X, a second direction
Y and a third direction Z are orthogonal to each other, but
may intersect at an angle other than 90°. The direction
toward the tip of the arrow in the third direction Z is defined
as up or above, and the direction opposite to the direction
toward the tip of the arrow in the third direction Z is defined
as down or below. The first direction X, second direction Y
and third direction Z may as well be referred to as an X
direction, a Y direction and a Z direction, respectively.

With such expressions as “the second member above the
first member” and “the second member below the first
member”, the second member may be in contact with the
first member or may be located away from the first member.
In the latter case, a third member may be interposed between
the first member and the second member. On the other hand,
with such expressions as “the second member on the first
member” and “the second member beneath the first mem-
ber”, the second member is in contact with the first member.

Further, it is assumed that there is an observation position
to observe the electronic device on a tip side of the arrow in
the third direction Z. Here, viewing from this observation
position toward the X-Y plane defined by the first direction
X and the second direction Y is referred to as plan view.
Viewing a cross-section of the liquid crystal device in the
X-Z plane defined by the first direction X and the third
direction Z or in the Y-Z plane defined by the second
direction Y and the third direction Z is referred to as
cross-sectional view.

Embodiment

FIG. 1 is a perspective view showing a liquid crystal
device 1 according to this embodiment.

The liquid crystal device 1 comprises a first liquid crystal
cell 10, a second liquid crystal cell a third liquid crystal cell
30, and a fourth liquid crystal cell 40. The liquid crystal
device 1 according to this embodiment comprises two or
more liquid crystal cells, and is not limited to the configu-
ration comprising four liquid crystal cells as in the example
shown in FIG. 1.

In the third direction Z, the first liquid crystal cell 10, the
second liquid crystal cell 20, the third liquid crystal cell 30
and the fourth liquid crystal cell 40 overlap in this order as
viewed from a light source side.

A light source LS, indicated by a dotted line, is disposed
to oppose the first liquid crystal cell 10 in the third direction
Z. It is preferable that the light source LS should be
configured to emit collimated light, but a type that emits
diffused light may as well be employed. The light emitted
from the light source LS passes through the first liquid
crystal cell 10, the second liquid crystal cell 20, the third
liquid crystal cell 30 and the fourth liquid crystal cell 40 in
order. As will be described later, the first liquid crystal cell
10, the second liquid crystal cell 20, the third liquid crystal
cell 30 and the fourth liquid crystal cell 40 are configured to
refract part of polarization components of the incident light.
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Thus, by combining the liquid crystal device 1 and the light
source LS, an illumination device which can diffuse and
focus light can be provided.

FIG. 2 is an exploded perspective view of the liquid
crystal device 1 shown in FIG. 1.

A first liquid crystal cell 10 comprises a first transparent
substrate S11, a second transparent substrate S21, a liquid
crystal layer LC1 and a seal SE1. The first transparent
substrate S11 and the second transparent substrate S21 are
adhered to each other by the seal SE1. The liquid crystal
layer L.C1 is held between the first transparent substrate S11
and the second transparent substrate S21 and sealed by the
seal SE1. An effective area AA1, which can refract incident
light, is formed on an inner side of the area surrounded by
the seal SE1.

In a plan view of the first crystal cell 10 discussed in this
specification, with reference to one side SY located at a left
end of the transparent substrate S11, the direction orthogonal
to the side SY is the first direction X. The direction parallel
to the side SY is the second direction Y. Further, with respect
to the side SY, the direction of the tip of the arrow indicating
3 o’clock in the X-Y plane, that is, the first direction X, is
set as 0°, and an angle counterclockwise to the first direction
X is indicated by a positive (+) sign, and an angle clockwise
to the first direction X is indicated by a negative (-) sign.
The tip direction of the arrow indicating the second direction
Y corresponds to a direction of 90° with respect to the first
direction X.

Such relationships of correspondence between all direc-
tions can be similarly applied to other liquid crystal cells (the
second liquid crystal cell 20, the third liquid crystal cell 30
and the fourth liquid crystal cell 40).

The first transparent substrate S11 includes an extending
portion EX1 extending outward from the second transparent
substrate S21 along the first direction X and an extending
portion EY1 extending outward from the second transparent
substrate S21 along the second direction Y. To at least one
of the extending portion EX1 and the extending portion
EY1, a flexible wiring board F as indicated by a dotted line
is connected.

The second liquid crystal cell 20 comprises a first trans-
parent substrate S12, a second transparent substrate S22, a
liquid crystal layer LC2 and a seal SE2. An effective area
AA2 is formed on an inner side of the area surrounded by the
seal SE2.

The first transparent substrate S12 includes an extending
portion EX2 and an extending portion EY2. In the third
direction Z, the extending portion EX2 overlaps the extend-
ing portion EX1 and the extending portion EY?2 overlaps the
extending portion EY1. A flexible wiring board is connected
to at least one of the extending portion EX2 and the
extending portion EY2, but the illustration of the flexible
wiring board is omitted in the other ones from the second
liquid crystal cell 20 to the fourth liquid crystal cell 40.

The third liquid crystal cell 30 comprises a first transpar-
ent substrate S13, a second transparent substrate S23, a
liquid crystal layer LC3 and a seal SE3. An effective area
AA3 is formed on an inner side of the area f by the seal SE3.

The first transparent substrate S13 includes an extending
portion EX3 and an extending portion EY3. In the third
direction Z, the extending portion EY3 overlaps the extend-
ing portion EY2. The extending portion EX3 does not
overlap the extending portion EX2 and is located on an
opposite side to the extending portion EX2.

The fourth liquid crystal cell 40 comprises a first trans-
parent substrate S14, a second transparent substrate S24, a
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liquid crystal layer .C4 and a seal SE4. An effective area
AAd4 is formed on an inner side of the area surrounded by the
seal SE4.

The first transparent substrate S14 includes an extending
portion EX4 and an extending portion EY4. In the third
direction Z, the extending portion EX4 overlaps the extend-
ing portion EX3 and the extending portion EY4 overlaps the
extending portion EY3.

Between the first liquid crystal cell 10 and the second
liquid crystal cell 20, a transparent adhesive layer TA12 is
disposed. The transparent adhesive layer TA12 adheres the
first transparent substrate S11 and the second transparent
substrate S22 to each other.

Between the second liquid crystal cell 20 and the third
liquid crystal cell 30, a transparent adhesive layer TA23 is
disposed. The transparent adhesive layer TA23 adheres the
first transparent substrate S12 and the second transparent
substrate S23 to each other.

Between the third liquid crystal cell 30 and the fourth
liquid crystal cell 40, a transparent adhesive layer TA34 is
disposed. The transparent adhesive layer TA34 adheres the
first transparent substrate S13 and the second transparent
substrate S24 to each other.

The first transparent substrates S11 to S14 are each
formed into a square shape and have the same size. For
example, in the first transparent substrate S11, a side SX and
a side SY are orthogonal to each other, and the length of the
side SX is the same as the length of the side SY.

Therefore, when the first liquid crystal cell the second
liquid crystal cell 20, the third liquid crystal cell 30 and the
fourth liquid crystal cell 40 are adhered to each other, the
sides along the first direction X overlap each other, as shown
in FIG. 1, and the edges along the second direction Y overlap
each other as well.

Note that the second substrate having a shape substan-
tially the same as that of the area which transmits light
(which is an effective area to be described later) may be
formed into a square shape, and the first substrate may be
formed into a polygonal shape other than a square shape, for
example, a rectangular shape. Further, it is possible as well
to adopt a configuration in which one of the extending
portions of each liquid crystal cell is deleted.

Next, the configuration of the liquid crystal cells will now
be described more specifically. Note that the following
descriptions are directed to, as an example, the first liquid
crystal cell 10 of a plurality of liquid crystal cells which
constitutes the liquid crystal device 1, but the configuration
of'the other liquid crystal cells from the second liquid crystal
cell 20 to the fourth liquid crystal cell 40 is substantially the
same as that of the first liquid crystal cell 10 except for the
direction in which the strip electrodes are extended.

FIG. 3 is a perspective view schematically showing the
first liquid crystal cell 10 shown in FIG. 2.

The first liquid crystal cell 10 comprises, in the effective
area AA1, a first strip electrode E11A and a second strip
electrode E11B, a first alignment film ALL11, a third strip
electrode E21A and a fourth strip electrode E21B, and a
second alignment film AL21.

The first strip electrode E11A and the second strip elec-
trode E11B are located between the first transparent sub-
strate S11 and the first alignment film ALL11, arranged to be
spaced apart from each other and extend in the same
direction. The first strip electrode E11A and the second strip
electrode E11B may be in contact with the first transparent
substrate S11 or an insulating film may be interposed
between these and the first transparent substrate S11. Note
that the insulating film may be interposed between the first
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strip electrode E11A and the second strip electrode E11B,
and the first strip electrode E11A may be located in a layer
different from that of the second strip electrode E11B.

The plurality of first strip electrodes E11A and the plu-
rality of second strip electrodes E11B are aligned along the
first direction X and disposed alternately. The plurality of
first strip electrodes E11A are electrically connected to each
other and configured so that the same voltage is applied
thereto. The plurality of second strip electrodes E11B are
electrically connected to each other and configured so that
the same voltage is applied thereto. Note that the voltage
applied to the second strip electrode E11B is controlled to be
different from the voltage applied to the first strip electrode
E11A.

The first alignment film AL11 covers the first strip elec-
trode E11A and the second strip electrode E11B. An align-
ment treatment direction AD11 of the first alignment film
AL11 is the first direction X. Note that the alignment
treatment of each alignment film may be a rubbing treatment
or a photo-alignment treatment. The alignment treatment
direction may as well be referred to as a rubbing direction.
Generally, when no voltage is being applied to the liquid
crystal layer (an initial alignment state), liquid crystal mol-
ecules located near the alignment film are initially aligned in
a predetermined direction by an alignment restriction force
along the alignment treatment direction of the alignment
film. That is, in the example shown here, the initial align-
ment direction of liquid crystal molecules LM11 along the
first alignment film AL11 is the first direction X. The
alignment treatment direction AD11 intersects the first strip
electrode E11A and the second strip electrode E11B.

The third strip electrode E21A and the fourth strip elec-
trode E21B are located between the second transparent
substrate S21 and the second alignment film AI.21, arranged
to be spaced apart from each other and extend in the same
direction. The third strip electrode E21A and the fourth strip
electrode E21B may be in contact with the second transpar-
ent substrate S21 or an insulating film may be interposed
between these and the second transparent substrate S21.
Further, the insulating film may be interposed between the
third strip electrode E21A and the fourth strip electrode
E21B, and the third strip electrode E21A may be located in
a layer different from that of the fourth strip electrode E21B.

The plurality of third strip electrodes E21A and the
plurality of fourth strip electrodes E21B are aligned in the
second direction Y and disposed alternately. The plurality of
third strip electrodes E21A are electrically connected to each
other and configured so that the same voltage is applied
thereto. The plurality of fourth strip electrodes E21B are
electrically connected to each other and configured so that
the same voltage is applied thereto. Note that the voltage
applied to the fourth strip electrode E21B is controlled to be
different from the voltage applied to the third strip electrode
E21A. Further, the direction in which the first strip electrode
E11A and the second strip electrode E11B are extended is
orthogonal to the direction in which the third strip electrode
E21A and the fourth strip electrode E21B are extended, as
will be described in detail later.

The second alignment film AL21 covers the third strip
electrode E21A and the fourth strip electrode E21B. The
alignment treatment direction AD21 of the second alignment
film AL21 is the second direction Y. That is, in the example
shown here, the initial alignment direction of liquid crystal
molecules LM21 along the second alignment film AL21 is
the second direction Y. The alignment treatment direction
AD11 of the first alignment film AL11 and the alignment
treatment direction AD21 of the second alignment film
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AL21 are orthogonal to each other. The alignment treatment
direction AD21 intersects the third strip electrode E21A and
the fourth strip electrode E21B.

Some examples will now be described. In each of these
examples, the alignment treatment direction in each of the
first liquid crystal cell 10, the second liquid crystal cell 20,
the third liquid crystal cell and the fourth liquid crystal cell
40, the extending direction of the first electrode and the
second strip electrode, and the extending direction of the
third electrode and the fourth strip electrode will be
described.

Example 1

FIG. 4 is a diagram showing an example of the extending
direction of each strip electrode which constitutes the liquid
crystal device 1.

In the first liquid crystal cell 10, the alignment treatment
direction AD11 is a direction of 0° with respect to the first
direction X. The extending direction of the first strip elec-
trode E11A and the second strip electrode E11B is a direc-
tion of 90° with respect to the first direction X.

The first strip electrode E11A and the second strip elec-
trode E11B are electrodes having a linear shape and include
linearly extending edges, respectively. In this embodiment,
the extending direction of the first strip electrode E11A and
the second strip electrode E11B is an angle made between
the first direction X, which is the common reference direc-
tion, and the edge of the strip electrode.

The alignment treatment direction AD21 is a direction of
90° with respect to the first direction X. The extending
direction of the third strip electrode E21A and the fourth
strip electrode E21B is a direction of 0° with respect to the
first direction X.

The third strip electrode E21A and the fourth strip elec-
trode E21B are electrodes having a linear shape and include
linearly extending edges, respectively. In this embodiment,
the extending direction of the third strip electrode E21A and
the fourth strip electrode E21B is an angle made between the
second direction Y, which is the common reference direc-
tion, and the edge of the strip electrode.

The extending direction of the first strip electrode E11A
and the second strip electrode E11B is orthogonal to the
extending direction of the third strip electrode E21A and the
fourth strip electrode E21B.

In the second liquid crystal cell 20, the alignment treat-
ment direction AD12 is a direction of 0° with respect to the
first direction X. The extending direction of the first strip
electrode E12A and the second strip electrode E12B is a
direction of 90° with respect to the first direction X.

The alignment treatment direction AD22 is a direction of
90°. The extending direction of the third strip electrode
E22A and the fourth strip electrode E22B is a direction of 0°
with respect to the first direction X.

The extending direction of the first strip electrode E12A
and the second strip electrode E12B is orthogonal to the
extending direction of the third strip electrode E22A and the
fourth strip electrode E22B.

FIGS. 5A and 5B are plan views of the second liquid
crystal cell 20. The first strip electrode E12A and the second
strip electrode E12B are electrodes having a wavy shape. An
electrode having a wavy shape is a curved electrode that
meanders. An electrode having a wavy shape can as well
referred to as an electrode having an electrode edge con-
tinuous while varying its curvature. When the electrode
having the wavy shape is closer to a sinusoidal wave, the
extending direction of the electrode with the wavy shape is
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the extending direction of a straight line connecting the
starting points of the cycles. Alternatively, it can be said that
the proceeding direction of the wave of the wavy shape is the
extending direction of the electrode of the wavy shape. In
FIG. 5A, the broken-line arrow indicates the extending
direction of the electrode of the wavy shape. Note here that
the wavy shape may not be a sinusoidal wave or the like, but
it suffices if it is formed repeatedly while varying its
curvature.

As shown in FIG. 5A, the wavy shaped strip electrode
extends from a rectangular electrode. For example, the first
strip electrode E12A extends along the second direction Y
from a rectangular electrode E12Ab that extends in a direc-
tion parallel to the first direction X. The second strip
electrode E12B extends along a direction opposite to the
second direction Y from a rectangular electrode E12Bb
extending in a direction parallel to the first direction X.

As shown in FIG. 5B, for example, the third strip elec-
trode E22A extends along the first direction X from a
rectangular electrode E22Ab extending in a direction par-
allel to the second direction Y. The fourth strip electrode
E22B extends along a direction opposite to the first direction
X from a rectangular electrode E22Bb extending in a
direction parallel to the second direction Y.

In this example, the second direction Y and the opposite
direction thereto are referred to as the direction parallel to
the second direction Y. This is also the case for the first
direction X and other directions specifically described
below.

Back to FIG. 4, in the third liquid crystal cell 30, the
alignment treatment direction AD13 is a direction of —90°.
The extending direction of the first strip electrode E13A and
the second strip electrode E13B, which have a linear shape
is a direction of 0°.

The alignment treatment direction AD23 is a direction of
0°. The extending direction of the third strip electrode E23A
and the fourth strip electrode E23B, which have a linear
shape is a direction of 90°.

The extending direction of the first strip electrode E13A
and the second strip electrode E13B is orthogonal to the
extending direction of the third strip electrode E23 A and the
fourth strip electrode E23B.

In the fourth liquid crystal cell 40, the alignment treatment
direction AD14 is a direction of -90°. The extending direc-
tion of the first strip electrode E14A and the second strip
electrode E14B, which have a wavy shape is a direction of
0°.

The alignment treatment direction AD24 is a direction of
0°. The extending direction of the third strip electrode E24A
and the fourth strip electrode E24B, which have a wavy
shape is a direction of 90°.

The extending direction of the first strip electrode E14A
and the second strip electrode E14B is orthogonal to the
extending direction of the third strip electrode E24A and the
fourth strip electrode E24B.

The flexible wiring board F1 connected to the first trans-
parent substrate S11 and the flexible wiring board F2 con-
nected to the first transparent substrate S12 are drawn
approximately along the second direction Y. The flexible
wiring board F3 connected to the first transparent substrate
S13 and the flexible wiring board F4 connected to the first
transparent substrate S14 are drawn approximately in a
direction parallel to the first direction X. The flexible wiring
boards F1 to F4 may as well be drawn in different directions
from those above.

Here, the mutual relationship of the liquid crystal cells
will be described.
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Let us focus on the first liquid crystal cell and the second
liquid crystal cell 20. The electrode shape of the first strip
electrode E11A and the second strip electrode E11B, and the
shape of the first strip electrode E12A and the second strip
electrode E12B are different from each other as linear and
wavy shapes, respectively.

When the first liquid crystal cell 10 and the second liquid
crystal cell 20 are adhered together, for example, the extend-
ing directions thereof are both a direction of 90°. However,
the electrode shapes thereof are different from each other as
the linear and wavy shapes, and therefore the electrode
edges of the first strip electrode E11A and the first strip
electrode E12A do not match. Thus, there are no electrodes
that completely overlap each other, and therefore moire can
be suppressed. Note that for the other electrodes, specifi-
cally, for each pair of the second strip electrode E11B and
the second strip electrode E12B, the third strip electrode
E21A and the third strip electrode E22A, and the fourth strip
electrode E21B and the fourth strip electrode E22B, the
extending directions of each pair are the same as each other,
but the edges of these electrodes do not match in plan view
because the shapes thereof are different from each other.

Here, the mutual relationship between the first liquid
crystal cell 10 and the second liquid crystal cell 20 have been
described here. These descriptions can as well be applied to
the mutual relationship between the third liquid crystal cell
30 and the fourth liquid crystal cell 40.

Next, let us focus on the first liquid crystal cell 10 and the
third liquid crystal cell 30. The extending direction of the
first strip electrode E11A and the second strip electrode
E11B, which have a linearly shape and the first strip elec-
trode E13 A and the second strip electrode E13B, which have
a linearly shape are orthogonal to each other.

Further, the extending direction of the third strip electrode
E21A and the fourth strip electrode E21B, which have a
linear shape and the third strip electrode E23 A and the fourth
strip electrode E23B, which have a linear shape are orthogo-
nal to each other.

When the first liquid crystal cell 10 is rotated by 90°
clockwise in the X-Y plane, the extending direction of the
first strip electrode E11A and the second strip electrode
E11B matches the extending direction of the first strip
electrode E13A and the second strip electrode E13B. Simi-
larly, the extending direction of the third strip electrode
E21A and the fourth strip electrode E21B matches the
extending direction of the third strip electrode E23A and the
fourth strip electrode E23B.

In other words, in the X-Y plane, a pair of the first strip
electrode E11A and the second strip electrode E11B, and a
pair of the first strip electrode E13A and the second strip
electrode E13B are rotationally symmetrical by 90° with
respect to each other. Similarly, a pair of the third strip
electrode E21A and the fourth strip electrode E21B, and a
pair of the third strip electrode E23A and the fourth strip
electrode E23B are rotationally symmetrical by 90° with
respect to each other. In other words, the first liquid crystal
cell 10 and the third liquid crystal cell 30 are rotationally
symmetrical by 90° with respect to each other, and the first
liquid crystal cell 10 can be used as the third liquid crystal
cell 30 by rotating it 90° clockwise in the X-Y plane.
Therefore, as compared to the case where the first liquid
crystal cell 10 and the third liquid crystal cell 30 are
prepared separately, the cost can be reduced.

Further, even when the first liquid crystal cell 10, the
second liquid crystal cell 20 and the third liquid crystal cell
30 are adhered to each other, there are no electrodes that
completely overlap each other when viewed between the
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first transparent substrates of each liquid crystal cell or
between the second transparent substrates, and thus moire
can be suppressed.

Here, the mutual relationship between the first liquid
crystal cell 10 and the third liquid crystal cell 30 has been
described, but this is also the case for the mutual relationship
between the second liquid crystal cell 20 and the fourth
liquid crystal cell 40. That is, the second liquid crystal cell
20 and the fourth liquid crystal cell 40 are rotationally
symmetrical by 90° with respect to each other, and by
rotating the second liquid crystal cell 20 by 90° clockwise in
the X-Y plane, it can be used as the fourth liquid crystal cell
40. Therefore, the cost can be reduced as compared to the
case where the second liquid crystal cell 20 and the fourth
liquid crystal cell 40 are prepared separately. As described
above, by preparing two types of liquid crystal cells having
different extending directions of the strip electrodes, it is
possible to configure a liquid crystal device 1 in which the
first liquid crystal cell 10 to the fourth liquid crystal cell 40
described above are stacked one on another.

Now, let us focus on the first liquid crystal cell 10 and the
fourth liquid crystal cell 40. The shape of the third strip
electrode E21A and the fourth strip electrode E21B on the
second transparent substrate S21 of the first liquid crystal
cell 10 and the shape of the first strip electrode E14A and the
second strip electrode E14B on the first transparent substrate
S14 of the fourth liquid crystal cell 40 are different from
each other as a linear shape and a wavy shape, respectively,
but both extend in the first direction X. The shape of the first
strip electrode E11A and the second strip electrode E11B on
the first transparent substrate S11 of the first liquid crystal
cell 10 and the shape of the third strip electrode E24A and
the fourth strip electrode E24B on the second transparent
substrate S24 of the fourth liquid crystal cell 40 are different
from each other as a linear shape and a wavy shape,
respectively, but both extend in the second direction Y.

When the first liquid crystal cell 10 and the fourth liquid
crystal cell 40 are stacked one on another, for example, the
extending directions of the third strip electrode E21A and
the first strip electrode E14A are the same as each other (the
first direction X), but the shapes of the electrodes are
different from each other as the linear and wavy shapes, and
therefore the edges thereof do not match. Here, there are no
electrodes that completely overlap each other, and therefore
moire can be suppressed. Further, note that both the elec-
trodes act on the same polarization component (for example,
p-polarization component). Here, with the electrodes having
different shapes as described above, the manner of diffusion
can be changed slightly, thus also making it possible to
suppress moire. Note that the other electrodes, namely, a pair
of the fourth strip electrode E21B and the second strip
electrode E14B, a pair of the first strip electrode E11A and
the third strip electrode E24 A, and a pair of the second strip
electrode E11B and the fourth strip electrode E24B as well
have the same extending direction, but their electrode shapes
are different from each other, and therefore the edges of the
electrodes do not match in plan view.

Similarly, let us focus on the second liquid crystal cell 20
and the third liquid crystal cell 30. The shape of a pair of the
third strip electrode E22A and the fourth strip electrode
E22B on the second transparent substrate S22 of the second
liquid crystal cell 20 and the shape of a pair of the first strip
electrode E13A and the second strip electrode E13B on the
first transparent substrate S13 of the third liquid crystal cell
30 are different from each other as a linear shape and a wavy
shape, respectively, but they all extend in the first direction
X. Further, the shape of a pair of the first strip electrode
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E12A and the second strip electrode E12B on the first
transparent substrate S12 of the second liquid crystal cell 20
and the shape of a pair of the third strip electrode E23A and
the fourth strip electrode E23B on the second transparent
substrate S23 of the third liquid crystal cell 30 are different
from each other as a linear shape and a wavy shape,
respectively, but both extend in the second direction Y.

When the second liquid crystal cell 20 and the third liquid
crystal cell 30 are stacked one on another, for example, the
extending directions of the third strip electrode E22A and
the first strip electrode E13 A are the same as each other (the
first direction X), but the shapes of the electrodes are
different from each other as linear and wavy shapes, respec-
tively, and therefore the edges of the electrodes do not match
each other. Thus, there are no electrodes that completely
overlap each other, and therefore moire can be suppressed.
Further, note that both the electrodes act on the same
polarization component (for example, p-polarization com-
ponent). Here, with the electrodes having different shapes as
described above, the manner of diffusion can be changed
slightly, thus also making it possible to suppress moire. Note
that the other electrodes, namely, a pair of the fourth strip
electrode E22B and the second strip electrode E13B, a pair
of the first strip electrode E12A and the third strip electrode
E23A, and a pair of the second strip electrode E12B and the
fourth strip electrode E23B as well have the same extending
direction, but their electrode shapes are different from each
other, and therefore the edges of the electrodes do not match
in plan view.

In addition, even when the first liquid crystal cell 10, the
second liquid crystal cell 20, the third liquid crystal cell 30
and the fourth liquid crystal cell 40 are adhered to each
other, there are no electrodes that completely overlap each
other when viewed between the first transparent substrates
of each liquid crystal cell or between the second transparent
substrates, and therefore moire can be suppressed.

Now, the optical action in the first liquid crystal cell 10
will now be described with reference to FIGS. 6 and 7. Note
that FIGS. 6 and 7 illustrate only the configurations neces-
sary for explanation of the liquid crystal molecules LM1 in
the vicinity of the transparent substrate S11, and the like.

FIG. 6 is a diagram schematically showing the first liquid
crystal cell 10 in an off state (OFF) where no electric field
is formed in the liquid crystal layer LC1.

In the liquid crystal layer L.C1 in the off state, the liquid
crystal molecules LM1 are initially aligned. In such an off
state, the liquid crystal layer L.C1 has substantially a uniform
refractive index distribution. Therefore, the polarization
component POL1, which is the light incident on the first
liquid crystal cell 10, passes through the liquid crystal layer
LC1 without being substantially refracted (or diffused). Note
that as shown in FIG. 3, in the first liquid crystal cell 10,
between the upper and lower transparent substrates S11 and
S21, the initial alignment directions of the liquid crystal
molecules in the liquid crystal layers LC1 intersect each
other at 90°. With this configuration, the liquid crystal
molecules of the liquid crystal layer LC1 are aligned in the
first direction X on the first transparent substrate S11 side,
but they gradually change their alignment direction from the
first direction X to the second direction Y as the location is
closer toward the second transparent substrate S21 side, and
are aligned in the second direction Y on the second trans-
parent substrate S21 side. The direction of the polarization
component changes in accordance with such a change in the
alignment of the liquid crystal layer LC1. More specifically,
a polarization component having a polarization axis in the
first direction X changes its polarization axis to the second
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direction Y in the process of passing through the liquid
crystal layer LC1. On the other hand, a polarization com-
ponent having a polarization axis in the second direction Y
changes its polarization axis from the second direction Y to
the first direction X as it passes through the liquid crystal
layer LC1. Therefore, when viewed in terms of these polar-
ization components mutually orthogonal to each other, their
polarization axes are switched in the process of passing
through the first liquid crystal cell 10. Hereinafter, this effect
of changing the direction of the polarization axis may be
referred to as optical rotation.

FIG. 7 is a diagram schematically showing the first liquid
crystal cell 10 in an on state (ON) where an electric field is
formed in the liquid crystal layer LC1.

In the ON state, a potential difference is created between
the first strip electrode E11A and the second strip electrode
E11B, and thus an electric field is formed in the liquid crystal
layer LC1. For example, when the liquid crystal layer LC1
has positive dielectric anisotropy, the liquid crystal mol-
ecules LM1 are aligned so that their long axes are along the
electric field. But note here that the range of the electric field
between the first strip electrode E11A and the second strip
electrode E11B is about V% of the thickness of, mainly, the
liquid crystal layer LC1. Therefore, as shown in FIG. 7, in
the range of the liquid crystal layer LC1, which is close to
the first transparent substrate S11, a region in which the
liquid crystal molecules LM1 are aligned substantially per-
pendicular to the substrate, a region in which the liquid
crystal molecules LM1 are aligned diagonally with respect
to the substrate, a region in which the liquid crystal mol-
ecules LM1 are aligned substantially horizontal to the sub-
strate, and the like are formed.

The liquid crystal molecules LM1 have a refractive
anisotropy An. Therefore, the liquid crystal layer LC1 in the
ON state has a refractive index distribution or retardation
distribution according to the alignment state of liquid crystal
molecules LM1. The term “retardation” here can be
expressed as An-d when the thickness of the liquid crystal
layer L.C1 is represented by d. Note that in this example, a
positive type liquid crystal is used as the liquid crystal layer
LC1, but a negative type liquid crystal can as well be used
in consideration of the alignment direction and the like.

In such an ON state, the polarization component POL1 is
diffused under the influence of the refractive index distri-
bution of the liquid crystal layer LC1 as it passes through the
liquid crystal layer LC1. More specifically, the polarization
component having a polarization axis in the first direction X
is diffused under the influence of the refractive index dis-
tribution of the liquid crystal layer .C1 and is rotated in the
second direction Y. On the other hand, the polarization
component having a polarization axis in the second direction
Y is not affected by the refractive index distribution and
passes through the liquid crystal layer LC1 without being
diffused but rotating only in the first direction X. Note that
FIG. 6 illustrates the case where an electric field is formed
by the potential difference between the first strip electrode
E11A and the second strip electrode E11B, but note that
when diffusing the incident light in the first liquid crystal cell
10, it is desirable to also form an electric field by the
potential difference between the third strip electrode E21A
and the fourth strip electrode E21B. With this configuration,
the alignment states of not only the liquid crystal molecules
in the vicinity of the first transparent substrate S11 but also
the molecules in the vicinity of the second transparent
substrate S21 are controlled, thereby making it possible to
form a predetermined refractive index distribution in the
liquid crystal layer LC1. More specifically, when the liquid
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crystal layer LC1 on the second transparent substrate S21
side also has a refractive index distribution, the polarization
component that are rotated in the second direction Y in the
process of passing through the liquid crystal layer LC1 is
diffused. That is, the polarization component diffused on the
transparent substrate S11 side is further diffused on the
transparent substrate S21 side and emitted from the first
liquid crystal cell 10. On the other hand, the polarization
component rotated in the first direction X in the process of
passing through the liquid crystal layer L.C1 is emitted from
the first liquid crystal cell LC1 without being affected by the
refractive index distribution.

Note that such diffusion of polarization component and
optical rotation occur in the second liquid crystal cell LC20
as well. That is, a polarization component emitted from a
light source and having a polarization axis in the first
direction X changes its polarization axis from the first
direction X to the second direction Y by passing through the
first liquid crystal cell 10, and further changes its polariza-
tion axis from the second direction Y to the first direction X
by passing through the second liquid crystal cell 20. Further,
when the liquid crystal molecules parallel to the polarization
component have a refractive index distribution in this pro-
cess, the polarization component is diffused according to the
refractive index distribution. Similarly, a polarization com-
ponent emitted from the light source and having a polariza-
tion axis in the second direction Y changes its polarization
axis from the second direction Y to the first direction X by
passing through the first liquid crystal cell 10, and further
changes its polarization axis from the first direction X to the
second direction Y by passing through the second liquid
crystal cell 20. Further, when the liquid crystal molecules
parallel to the polarization component have a refractive
index distribution in this process, the polarization compo-
nent is diffused according to the refractive index distribu-
tion. The same phenomenon occurs in the third liquid crystal
cell 30 and the fourth liquid crystal cell 40, which are those
obtained by rotating the first liquid crystal cell and the
second liquid crystal cell by 90°, and therefore the polar-
ization components affected by the diffusion effect are
switched over.

That is, in a configuration in which the first liquid crystal
cell 10, the second liquid crystal cell 20, the third liquid
crystal cell 30 and the fourth liquid crystal cell 40 are
stacked one on another, for example, the first liquid crystal
cell 10 and the fourth liquid crystal cell 40 are configured to
scatter (diffuse), mainly, the polarization component POL1,
which is p-polarized light, whereas the second liquid crystal
cell 20 and the third liquid crystal are configured to scatter
(diffuse), mainly, the polarization component POL2, which
is s-polarized light.

As described above, each of the first liquid crystal cell 10,
the second liquid crystal cell 20, the third liquid crystal cell
30 and the fourth liquid crystal cell 40 is configured not to
include electrodes extending in the same direction. With this
configuration, the liquid crystal layers of the liquid crystal
cells form refractive index distributions different from each
other in the ON state. Thus, the interference effect of light
transmitted through each liquid crystal cell is reduced,
thereby making it possible to suppress moire.

Example 2

FIG. 8 is a plan view showing another example of each
strip electrode which constitutes the liquid crystal device 1.
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The configuration example shown in FIG. 8 is different from
that shown in FIG. 4 in that zigzag-shaped electrodes are
provided.

In FIG. 8, the first liquid crystal cell 10 and the third liquid
crystal cell 30 are the same as those shown in FIG. 4. The
second liquid crystal cell and the fourth liquid crystal cell 40
shown in FIG. 8 comprise strip electrodes having a zigzag
shape in place of a wavy shape.

FIGS. 9A and 9B are plan views of the second liquid
crystal cell 20. The first strip electrode E12A and the second
strip electrode E12B are electrodes having a zigzag shape.
For example, the second strip electrode E12B includes a first
electrode piece E12B1 and a second electrode piece E12B2,
which continuously form a zigzag shape. As shown in FIG.
9A, for example, the first electrode piece E12B1 extends
from a rectangular electrode E12Bb extending in a direction
parallel to the first direction X, in a direction which makes
an acute angle 6 counterclockwise with the first direction X,
as shown by a single dashed arrow. The second electrode
piece E12B2 extends from the first electrode piece E12B1 in
a direction which makes an acute angle 6 clockwise with the
first direction X, as indicated by a single dashed arrow. In
FIG. 9, the second strip electrode E12B is formed by a pair
of first and second electrode pieces E12B1 and E12B2,
exhibiting a V-shaped configuration. As an alternative, the
second strip electrode E12B may as well be configured to
include a plurality of first electrode pieces E12B1 and
second electrode pieces E12B1 arranged alternately along
the second direction Y. The term “zigzag shape” described
above means a shape in which a pair of a first electrode piece
E12B1 and a second electrode piece E12B2 are formed, or
a plurality of first electrode pieces E12B1 and second
electrode pieces E12B2 are repeatedly formed. The acute
angle 0 is between 85° or more but 89° or less. The
extending directions of the first electrode pieces E12B1 and
the second electrode pieces E12B2 may as well be opposite
to each other.

When the combination of the first electrode piece E12B1
and the second electrode piece E12B2 is repeatedly formed
in a plurality of sets along the first direction X, the second
strip electrode E12B as a whole extends along a direction
parallel to the second direction Y, as shown by the dotted
arrow.

The first strip electrode E12A as a whole, as in the case
of'the second strip electrode E12B as a whole, extends along
the second direction Y, as indicated by the dotted arrow. The
configuration of each first strip electrode E12A is the same
as that of the second strip electrode E12B.

The third strip electrode E22A and the fourth strip elec-
trode E22B of the second transparent substrate S22 extend
along a direction parallel to the first direction X. For
example, the third strip electrode E22A includes a first
electrode piece E22A1 and a second electrode piece E22A2,
which continuously form a zigzag shape. The first electrode
piece and the second electrode piece of the third strip
electrode E22A continuously form a zigzag shape.

As shown in FIG. 9B, for example, the first electrode
piece E22A1 extends from the rectangular electrode E22Ab
extending in a direction parallel to the second direction Y, in
a direction which makes an acute angle 6 clockwise with the
second direction Y, as indicated by a single dashed arrow.
The second electrode piece E22A2 extends from the first
electrode piece E22A1 in a direction which makes an acute
angle 0 counterclockwise with the second direction Y, as
indicated by a single dashed arrow. The first electrode piece
E22A1 and the second electrode piece E22A2 are formed
repeatedly to constitute the third strip electrode E22A. The
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extending directions of the first electrode piece E22A1 and
the second electrode piece E22A2 may as well be opposite
to each other.

The combination of the first electrode piece E22A1 and
the second electrode piece E22A2 is repeatedly formed in a
plurality of times along the first direction X, and thus the
third strip electrode E22A as a whole extends along a
direction parallel to the first direction Y, as shown by the
dotted arrow.

The fourth strip electrode E22B, as in the case of the third
strip electrode E22 A, extends from the rectangular electrode
E22Bb along a direction parallel to the first direction X as a
whole. The configuration of each fourth strip electrode E22B
is similar to that of the third strip electrode E22A.

The direction in which the first strip electrode E14A and
the second strip electrode E14B of the fourth liquid crystal
cell 40 extend is similar to the direction in which the third
strip electrode E22A and the fourth strip electrode E22B of
the second liquid crystal cell 20 extend. The direction in
which the third strip electrode E24A and the fourth strip
electrode E24B extend is similar to the direction in which
the first strip electrode E12A and the second strip electrode
E12B extend.

In this example, the extending directions of the strip
electrodes of each of the first liquid crystal cell 10, second
liquid crystal cell 20, third liquid crystal cell 30, and fourth
liquid crystal cell and the alignment treatment direction of
the alignment films are similar to those described in
Example 1. Therefore, for these configurations, the above-
provided explanation should be referred to, and the expla-
nation thereof will be omitted here.

In this example, for example, in the first liquid crystal cell
10 and the second liquid crystal cell 20, the shape of the first
strip electrode E11A and the second strip electrode E11B,
which are linear, and the shape of the first strip electrode
E12A and the second strip electrode E12B, which are in a
zigzag manner overlap each other. Here, because the elec-
trodes have different shapes, the edges of these electrodes do
not match. Thus, there are no electrodes that completely
overlap each other, and therefore moire can be suppressed.

The mutual relationship between the first liquid crystal
cell 10 and the second liquid crystal cell 20 is provided
above, and the above-provided explanation can as well be
applied to the mutual relationship between the third liquid
crystal cell 30 and the fourth liquid crystal cell 40.

Let us now focus on the first liquid crystal cell 10 and the
fourth liquid crystal cell 40. The shape of the third strip
electrode E21A and the fourth strip electrode E21B on the
second transparent substrate S21 of the first liquid crystal
cell 10 and the shape of the first strip electrode E14A and the
second strip electrode E14B on the first transparent substrate
S14 of the fourth liquid crystal cell 40 are different from
each other as a linear shape and a zigzag shape (V-shape),
but they all extend in the first direction X. The shape of the
first strip electrode E11A and the second strip electrode
E11B on the transparent substrate S11 of the first liquid
crystal cell 10 and the shape of the third strip electrode E24A
and the fourth strip electrode E24B on the second transpar-
ent substrate S24 of the fourth liquid crystal cell 40 are
different from each other as a linear shape and a zigzag
shape (V-shape), respectively, but they all extend in the
second direction Y.

When the first liquid crystal cell 10 and the fourth liquid
crystal cell 40 are stacked one on another, for example, the
extending directions of the third strip electrode E21A and
the first strip electrode E14A are the same as each other (in
the first direction X), but the shapes of the electrodes are



US 12,044,939 B2

17

different from each other as a linear shape and a zigzag
shape, and therefore the edges of the electrodes do not
match. Thus, there are no electrodes that completely overlap
each other, and therefore moire can be suppressed. Further,
note that both the electrodes act on the same polarization
component (for example, p-polarization component). Here,
with the electrodes having different shapes as described
above, the manner of diffusion can be changed slightly, thus
also making it possible to suppress moire. Note that the other
electrodes, namely, a pair of the fourth strip electrode E21B
and the second strip electrode E14B, a pair of the first strip
electrode E11A and the third strip electrode E24 A, and a pair
of the second strip electrode E11B and the fourth strip
electrode E24B as well have the same extending direction,
but their electrode shapes are different from each other, and
therefore the edges of the electrodes do not match in plan
view.

Similarly, let us focus on the second liquid crystal cell 20
and the third liquid crystal cell 30. The shape of the third
strip electrode E22A and the fourth strip electrode E22B on
the second transparent substrate S22 of the second liquid
crystal cell 20 and the shape of the first strip electrode E13A
and the second strip electrode E13B on the first transparent
substrate S13 of the third liquid crystal cell 30 are different
from each other as a zigzag shape (V-shape) and a straight
shape, respectively, but they all extend in the first direction
X. Further, the shape of the first strip electrode E12A and the
second strip electrode E12B on the first transparent substrate
S12 of the second liquid crystal cell 20 and the shape of the
third strip electrode E23A and the fourth strip electrode
E23B on the second transparent substrate S23 of the third
liquid crystal cell 30 are different from each other as a zigzag
shape and a linear shape, respectively, but they all extend in
the second direction Y.

When the second liquid crystal cell 20 and the third liquid
crystal cell 30 are stacked one on another, for example, the
extending directions of the third strip electrode E22A and
the first strip electrode E13A are the same as each other (in
the first direction X), but the shapes of the electrodes are
different from each other as a linear shape and a zigzag
shape, and therefore the edges of the electrodes do not
match. Thus, there are no electrodes that completely overlap
each other, and therefore moire can be suppressed. Further,
note that both the electrodes act on the same polarization
component (for example, p-polarization component). Here,
with the electrodes having different shapes as described
above, the manner of diffusion can be changed slightly, thus
also making it possible to suppress moire. Note that the other
electrodes, namely, a pair of the fourth strip electrode E22B
and the second strip electrode E13B, a pair of the first strip
electrode E12A and the third strip electrode E23A, and a pair
of the second strip electrode E12B and the fourth strip
electrode E23B as well have the same extending direction,
but their electrode shapes are different from each other, and
therefore the edges of the electrodes do not match in plan
view.

In addition, even when the first liquid crystal cell 10, the
second liquid crystal cell 20, the third liquid crystal cell 30
and the fourth liquid crystal cell 40 are adhered to each
other, there are no electrodes that completely overlap each
other when viewed between the first transparent substrates
of each liquid crystal cell or between the second transparent
substrates, and therefore moire can be suppressed.

In this example as well, the first liquid crystal cell 10 that
is rotated by 90° can as well be used as the third liquid
crystal cell 30. Further, the second liquid crystal cell 20
rotated by 90° can be used as the fourth liquid crystal cell 40.
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Therefore, as compared to the case where the first liquid
crystal cell 10 and the third liquid crystal cell 30 are
prepared separately, the cost can be reduced.

In this example as well, advantageous effects similar to
those described above can be exhibited.

Example 3

FIG. 10 is a plan view of another example of the strip
electrodes which constitute the liquid crystal device 1 in this
example. The configuration example shown in FIG. 10 is
different from that of FIG. 4 in that electrodes having a
zigzag shape and a wavy shape are arranged to overlap each
other.

The first liquid crystal cell 10 shown in FIG. 10 is similar
to the second liquid crystal cell 20 shown in FIG. 8. The
third liquid crystal cell 30 shown in FIG. 10 is the first liquid
crystal cell 10 shown in FIG. 10, 